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Speci f i cat ion 



1 . Title of the Invention 

Method of Manufacturing Thin-Film Transistor 



2 . Claim 

A method of manufacturing a thin-film transistor, 
comprising the steps of: forming a polycrystalline 

silicon layer having a specified pattern or a silicon 
layer crystallized by annealing the polycrystalline 
silicon layer on an insulated substrate; forming a gate 
insulator film on the silicon layer; forming a gate 
electrode layer on the gate insulator film; forming an 
insulator film containing diffusion impurities on the 
processed substrate; forming a diffusion layer by 
applying a laser to the impurities contained in the 
insulator film to diffuse the impurities contained in the 
insulator film selectively into the silicon; forming an 
insulator film containing no impurity on the processed 
substrate; forming an opening that passes through the 
insulator film containing no impurity and the impurity- 
diffusing insulator film to reach the diffusion layer and 
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an opening that passes therethrough to reach the gate 
electrode layer; forming openings that pass through the 
openings to reach the diffusion layer and the gate 
electrode layer; and forming an electrode-drawing metal 
layer connected to the diffusion layer and the gate 
electrode layer through the openings. 



3. Detailed Description of the Invention 

[Industrial Field of Application] 

The present invention relates to a method of 
manufacturing a silicon-on-insulator (SOI) MOS transistor 

[Prior Art] 

When electrodes are drawn from semiconductors, 

* 

heavily doped impurity diffusion regions are generally 
formed, which are used as contact with the electrodes. 
As in. disclosed in JP-A-62-117371, the heavily doped 
impurity diffusion regions have been formed by using 
phosphosilicate glass (PSG) or boron-silicate glass (BSG) 
produced by low-pressure or atmospheric-pressure CVD as 
diffuser and being heat-treated in an inert gas 
atmosphere. 

[Problems that the Invention Is to Solve] 

However, the above-mentioned method has the problem 
of a high manufacturing cost, because the heat treatment 
for the diffusion is performed at high temperature, e.g., 
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at 1000°C / and accordingly the insulated substrate is 
limited to some materials such as quartz, so that 
insulated substrates (e.g., Coming's 7059 glass) with a 

strain point from about 600 to 700°C) cannot be used. 

The present invention has been made to solve the 
foregoing problems, accordingly, has as an object the 
provision of a method of manufacturing a thin-film 
transistor in which an impurity diffusion region is 
formed on an _ insulated substrate such as a glass with a 
low strain point, from which source and drain electrodes 
are drawn. 

[Means for Solving the Problems] 

A method of manufacturing a thin-film transistor 
according^ to the invention is characterized by including 
the steps of: forming a polycrystalline silicon layer 
having a 'specified pattern or a silicon layer 
crystallized by annealing the polycrystalline silicon 
layer on an insulated substrate; forming a gate insulator 
film on the silicon layer; forming an insulator film 
containing diffusion impurities on the processed 
substrate; forming a diffusion layer by applying a laser 
to selectively diffuse the impurities contained in the 
insulator film; forming an insulator film containing no 
impurity on the diffusion-processed substrate; forming an 
insulator film containing no impurity; forming an opening 
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that passes through the insulator film containing no 
impurity and the impurity-diffusing insulator film to 
reach the diffusion layer and an opening that passes 
therethrough to reach the gate electrode layer ; and 
forming an electrode-drawing metal layer connected to the 
diffusion layer and the gate electrode layer through the 
openings . 
[Embodiments ] 

Preferred embodiments of the present invention will 
be described with reference to the drawings. Fig. 1 
shows enlarged essential parts of an embodiment of the 
invention, in* which a glass substrate with a slow-cooling 

point of 7 00°C or less can be used in practice . 

_A_ S - shown in Fig. 1 (a) , a polycrystalline silicon 
layer which becomes active by low-pressure or 
atmospheric-pressure • CVD is formed on an insulated 
substrate (e.g., Coming's 7059 glass) or a silicon layer 
2 is formed which is crystallized by annealing it by 
applying a laser beam, an electron beam, lamp light and 
so forth thereon. 

Then, as shown in Fig. 1(b), an insulator film is 
formed on the silicon layer 2 by low-pressure or 
atmospheric-pressure CVD to form a gate insulator film 3 . 

Then, as shown in Fig. 1(c), a polycrystalline layer 
is formed on the entire surface of the substrate, and the 
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polycrystalline layer 4 and the gate insulator film 3 are 
subjected to patterning by photolithography to form a 
gate electrode 4, as shown in Fig. 1(d). 

As shown in Fig. 1 (e) , a liquid insulating material 
(e.g., OCD manufactured by Tokyo Ohka Kogyo Co., Ltd.) 
containing impurities such as phosphorous, boron, and 
arsenic is applied on the substrate thus processed by a 
spinner or a roll coating method and then subjected to 
prebaking or postbaking - to form a uniform insulator film 
5. When it. is then radiated with a laser beam, the 
impurities contained in the insulator film 5 diffuse into 
the silicon layer 2 through the gate insulator film 3, as 
shown in Fig. 1(f). Numeral 6 indicates the diffusion 
layer which serves as a source and _a drain region. The 
radiation of laser has the advantage that it can be 
performed not only in a vacuum or an inert gas atmosphere 
but also in the atmosphere. 

When the gate insulator film and the gate electrode 
are formed at the same time by photolithography, as shown 
in Fig. 2 of JP-A-62-117371, the gate insulator film is 
overetched to reduce the pressure resistance between the 
gate electrode and the source or drain electrode, 
decreasing yields. On the other hand, when the 

lithography pattern of the gate insulator film 3 is made 
larger than that of the gate electrode layer 4 (e.g., 1 
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\xm) , as in the invention, the problem of overetching can 
be solved. Also, the source and drain regions and the 
gate electrode layer are aligned well with each other, as 
shown in Fig. 2 (b) , since the impurities are diffused 
laterally through the source and drain regions. 

Furthermore, the impurities are diffused into the 
polycrystalline silicon layer by laser irradiation. This 
reduces the need for heating the substrate, so that the 
SOI MOS transistor can be formed not only on a quartz 
substrate but also on common insulated substrates (e.g., 
Coming's 7059 glass). 

After the impurities have been diffused selectively, 
an insulator film 7 that contains no impurity is formed 
-on the insulator- film 5 by ...application or, low-pressure or 
atmospheric-pressure CVD, as shown in Fig. 1(g). The 
insulator film - "7 serves as an interlayer insulator ■ film. - 

Then, as shown in Fig. 1(h), an opening 8 that 
passes through the insulator films 7 and 5 to reach the 
diffusion layer 6, and an opening 9 that passes 
therethrough to reach the gate electrode layer 4 are 
formed. Then, as shown in Fig. l(i), a metal film 10 is 
formed so as to fill the openings 8 and 9. It is 
subjected to patterning to form a gate electrode 11 and 
source and drain electrodes 12 and 13, as shown in Fig. 

Mj). 
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According to the process of the embodiment, the 
impurity diffusion to the source and drain regions is 
performed in a sel f -alignment manner and, moreover, it is 
performed not by thermal diffusion but by laser 
irradiation, so that the substrate is not subjected to 
high temperature. This allows a glass (e.g., Coming's 
7059 glass) that is less expensive than quartz to be used 
as the insulated substrate. 

Concrete forming conditions of the embodiment are as 
follows: 

Polycrystalline Silicon: Low-pressure CVD 
Pressure: at most 0.1 torr 
Reactant Gas: SiH 4 
- - .Film. Thickness.:. . at most 5 0 00 A. _ 

Substrate Temperature: 500 to 700°C 
Crystallization Annealing: Laser Annealing 

Laser Power: 10 W/cm 2 

Beam Diameter: at most 1 cm (|) 

■ 

Sweep Rate: at most 5 cm/s 
Gate Insulator Film: AP-CVD, Silicon Dioxide 
Pressure : 1 atom. 
Reactant Gas : SiH 4 and 0 2 
Film Thickness: 500 to 2000 A 

Substrate Temperature: 300 to 500°C 
Gate Insulator Film: Polycrystalline Silicon, LP-CVD 
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Pressure: at most 0.1 torr 

Reactant Gas: SiH 4 

Film Thickness: at most 5000 A 

Substrate Temperature: 500 to 700°C 
Impurity Diffusing Insulator Film: OCD manufactured 

by Tokyo Ohka Kogyo 

Viscosity: at most 1 cP 

Prebaking: 150 to 400 °C 

Film Thickness: at most 5000 A 

Diffusion: Laser Irradiation 

Laser Power: 10 W/cm 2 

Beam Diameter: at most 1 cm <|) 
Sweep Rate: at most 5 cm/s 
- _ -Inter layer. Insulator Film.: AP-CVD, Silicon Dioxide 

Pressure: 1 atom. 
Reactant Gas: SiH 4 and 0 2 
Film Thickness: 1000 to 8000 A 

Substrate Temperature: 300 to 500°C 
Electrode Layer : Sputtering, Cr 

Film Thickness: at most 1 [im 
[Advantages of the Invention] 

As has been described, in the method of 
manufacturing an SOI MOS transistor according to the 
invention, an impurity-diffusing insulator film is formed 
so as to cover a silicon layer and a gate electrode layer 
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having a specified pattern, which is radiated with a 
laser to allow impurities to be diffused selectively into 
the silicon layer in a self alignment manner. Moreover, 
there is no need to increase the temperature of the 

insulated substrate to 1000°C or more because thermal 
diffusion is not adopted, allowing an inexpensive glass 

(e.g., Coming's 7059 glass) to be used as the insulated 

substrate . 

The invention offers significant advantages of 
providing high gate pressure resistance to increase 
yields since the gate insulator film is wider than the 
gate electrode layer, saving the time for heating and 
cooling because thermal diffusion is not adopted, and 
-allowing . impurity . dif fusion. __i.ri . which ^impurities are 
diffused evenly in a large area of more than 30 cm in 
diameter and of which the concentration is controlled at 
high accuracy. 

4. Brief Description of the Drawings 

Fig. 1 is a cross-sectional view of a series of 
manufacturing processes according to an embodiment of the 
invention; and Fig. 2 is^ a cross-sectional view of 
essential parts of another embodiment of the invention. 

1: insulated substrate (e.g., Coming's 7059 glass) 
2: polycrys talline silicon layer or silicon layer 
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ystallized by annealing 

3: gate insulator film 
4: gate electrode layer 

5: insulator film containing diffusion impurities 
6: diffusion layer 

7: insulator film containing no impurity 
8. 9: opening 
10: metal layer 
11: gate electrode 

12, 13: source and drain electrodes 
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